First report of a blaNDM-5-harbouring Escherichia coli ST167 isolated from a wound infection in a dog in Switzerland by Peterhans, Sophie et al.
Zurich Open Repository and
Archive
University of Zurich
Main Library
Strickhofstrasse 39
CH-8057 Zurich
www.zora.uzh.ch
Year: 2018
First report of a blaNDM-5-harbouring Escherichia coli ST167 isolated from
a wound infection in a dog in Switzerland
Peterhans, Sophie ; Stevens, Marc J A ; Nüesch-Inderbinen, Magdalena ; Schmitt, Sarah ; Stephan, R ;
Zurfluh, Katrin
DOI: https://doi.org/10.1016/j.jgar.2018.10.013
Posted at the Zurich Open Repository and Archive, University of Zurich
ZORA URL: https://doi.org/10.5167/uzh-167889
Journal Article
Accepted Version
 
 
The following work is licensed under a Creative Commons: Attribution-NonCommercial-NoDerivatives
4.0 International (CC BY-NC-ND 4.0) License.
Originally published at:
Peterhans, Sophie; Stevens, Marc J A; Nüesch-Inderbinen, Magdalena; Schmitt, Sarah; Stephan, R;
Zurfluh, Katrin (2018). First report of a blaNDM-5-harbouring Escherichia coli ST167 isolated from a
wound infection in a dog in Switzerland. Journal of Global Antimicrobial Resistance, 15:226-227.
DOI: https://doi.org/10.1016/j.jgar.2018.10.013
Accepted Manuscript
Title: First report of a blaNDM−5 harbouring Escherichia coli
ST167 isolated from a wound infection in a dog in Switzerland
Author: Sophie Peterhans
PII: S2213-7165(18)30202-9
DOI: https://doi.org/10.1016/j.jgar.2018.10.013
Reference: JGAR 764
To appear in:
Authors: Marc J.A. Stevens, Magdalena Nu¨esch-Inderbinen
PII: S2213-7165(18)30202-9
DOI: https://doi.org/10.1016/j.jgar.2018.10.013
Reference: JGAR 764
To appear in:
Author: Sarah Schmitt
PII: S2213-7165(18)30202-9
DOI: https://doi.org/10.1016/j.jgar.2018.10.013
Reference: JGAR 764
To appear in:
Authors: Roger Stephan, Katrin Zurfluh
PII: S2213-7165(18)30202-9
DOI: https://doi.org/10.1016/j.jgar.2018.10.013
Reference: JGAR 764
To appear in:
Received date: 16-7-2018
Revised date: 22-8-2018
Accepted date: 9-10-2018
Please cite this article as: Roger Stephan, Katrin Zurfluh, First report of a blaNDM-
5 harbouring Escherichia coli ST167 isolated from a wound infection in a dog in
Switzerland (2018), https://doi.org/10.1016/j.jgar.2018.10.013
This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.
 1 
To be submitted as a letter to the JGAR  
First report of a blaNDM-5 harbouring Escherichia coli ST167 isolated from a wound 
infection in a dog in Switzerland 
 
Sophie Peterhans1, Marc J. A. Stevens2, Magdalena Nüesch-Inderbinen2, Sarah Schmitt1, Roger 
Stephan2, Katrin Zurfluh
2#
 
 
1Institute of Veterinary Bacteriology, Vetsuisse Faculty, University of Zurich, Switzerland 
2Institute for Food Safety and Hygiene, Vetsuisse Faculty, University of Zurich, Switzerland. 
 
Running Title: F31:A4:B1 plasmid; NDM-5; Escherichia coli ST167; dog 
 
 
 
#Corresponding author:  
Katrin Zurfluh, Institute for Food Safety and Hygiene, Vetsuisse Faculty University of Zurich, 
Winterthurerstr. 272, CH-8057 Zurich, Switzerland, Phone 0041-44-6358651, Fax 0041-44-
6358908, e-mail katrin.zurfluh@uzh.ch 
  
 
  
Sir,  
The dissemination of carbapenemase producing Enterobacteriaceae (CPE) is a major concern for 
health care providers worldwide but so far, CPE are rarely described in companion animals [1]. 
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The New Delhi metallo-β-lactamase (NDM-1) and its variants hydrolyse almost all clinically-
available β-lactam antibiotics and thus represent a major challenge to the treatment of infections 
caused by bacteria carrying these resistance genes [2].  NDM-5 producing E. coli belonging to 
sequence type (ST) 167 or ST167 variants have been isolated previously from dogs in Algeria 
and Finland [3]. Here, we describe for the first time the isolation of a blaNDM-5 harbouring E. coli 
isolated from a wound infection in a dog in Switzerland and present the complete genome 
sequence of this multidrug resistant isolate.  
DNA extraction was performed using the GeneElute™ Bacterial Genomic DNA Kit 
(SigmaAdlrich, Buchs, Switzerland). Sequencing was done using two single-molecule real-time 
(SMRT) cells on a PacBio RS II (Pacific Biosciences, Menlo Park, CA, USA) and performed at 
the Functional Genomics Center Zurich (FGCZ), Switzerland. Sequencing reads of each cell 
were collected separately using the RS Filter Only protocol in the SMRT-portal (Pacific 
Biosciences) with 85 as polymerase read quality cut off and a minimal length of 50 bp. The 
collected reads of both cells were combined resulting in 279,307 reads with an average length of 
7,389 bp and a maximum length of 61,011. In total, 2,063,810,221 bp were sequenced, 
corresponding to an approximate 400-fold coverage of the genome. The reads were assembled 
using the Canu assembler with the option "-pacbio-raw" and an estimated genome size of 5.0 
Mbp. After polishing the first assembly by deleting overlapping regions in circular contigs, 
elimination of contigs present in larger contigs and eradication of phage DNA, the final assembly 
resulted in 6 circular contigs, one 4.8 Mbp chromosome and 5 contigs that were identified as 
plasmids by PlasmidFinder 1.3 (Table 1). The genome was annotated by the NCBI Prokaryotic 
Genomes Automatic Annotation Pipeline (GPAP) server. Multilocus sequence typing (MLST) 
was performed in silico using the Center for Epidemiology database 
(https://cge.cbs.dtu.dk/services/MLST E.coli#1 configuration). Phenotypic antibiotic resistance 
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was tested by the disk diffusion method or using the Etest (bioMérieux, Marcy l’Etoile, France), 
according to CLSI protocols and criteria (https://clsi.org).  
E. coli 51008369SK1 was assigned by MLST to ST167.  
Five plasmids belonging to the IncFII, IncI1, IncX4, IncI2 and IncFII-IncFIA-IncFIB replicon 
types, respectively, were detected (Table 1).The IncFII-IncFIA-IncFIB plasmid 
p51008369SK1_E was assigned by pMLST to the formula F31:A4:B1 and carried the blaNDM-5 
gene (Table 1).  
By BlastN, 99% identity and 100% coverage was observed with plasmid pNDM-5-IT (GenBank 
accession no. MG649062), purified from E. coli ST167 Ec001 causing urinary tract infection in a 
patient in Italy [4]. The comparative analysis between p51008369SK1_E and pNDM-5-IT 
revealed that both plasmids harbour blaNDM-5 in a complex integron containing an ISCR1 element 
and the aadA2-dfrA12 resistance gene cassette. Both plasmids carry the toxin-antitoxin systems 
sopAB, ccdAB and pemIK, as well as the putative virulence factors iucABCD, iutA, and the 
arginine deaminase (ADI) cluster arcABCD, whose location on a plasmid has so far been unique 
to pNDM-5-IT [4]. Both plasmids contain a tunicamycin resistance gene tmrB in the same 
plasmid region. However, the aac(3)’IIa-tmrB segment which is present upstream of the mph(A)-
mrx-mph(R) cluster in pNDM-5-IT is inverted and inserted downstream of mph(R) in 
p51008369SK1_E . As in pNDM-5-IT, the Tra locus for conjuagtion in p51008369SK1_E is 
only partially present and contains only traX and finO genes, which is consistent with failure to 
transfer the plasmid during conjugation experiments in vitro (data not shown). 
E. coli 51008369SK1 was phenotypically resistant to ampicillin, amoxicillin-clavulanic acid, 
cefazolin, cefotaxime, cefepime and ertapenem. Furthermore, it was resistant to 
sulfamethoxazole-trimethoprim, azithromycin, gentamicin, chloramphenicol and tetracycline, 
consistent with acquired resistance determinants found on its five plasmids (Table 1). Nalidixic 
AC
CE
PT
ED
 M
AN
US
CR
IPT
 4 
acid and ciprofloxacin resistance corresponded to chromosomal point mutations found in gyrA 
that lead to amino-acid substitution in GyrA at position S83L and D87N (data not shown). 
F31:A4:B1 type plasmids are predominantly associated with the spread of blaCTX-M-15 among E. 
coli isolates from humans and animals [5]. Our study provides evidence that this type of IncF 
plasmid may also promote the dissemination of blaNDM-5.  Furthermore, non-transmissible 
F31:A4:B1 type plasmids such as pNDM-5-IT and p51008369SK1_E not only confer selective 
advantages such as multidrug resistance and virulence to the host strain; the presence of addiction 
systems also ensures the stability and persistence of the plasmid within its specific host, E. coli 
ST167.  The emergence of this successful epidemic clone harbouring blaNDM-5 among veterinary 
E. coli isolates in Switzerland represents a public health threat that needs to be addressed not only 
in veterinary medicine, but due to the close contact of humans and companion animals, also in 
human healthcare settings.  
 
Nucleotide sequence 
Sequence and annotation data of the genome have been deposited at GenBank under accession 
numbers CP029973 for the chromosome and CP029974 to CP029978 for the plasmids. 
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Figues and table 
 
 
Table 1: Features of the five plasmids harboured by Escherichia coli 51008369SK1. 
 
Plasmid Size Replicon type Antibiotic 
resistance 
determinants 
Accession 
no. 
 
p51008369SK1_A 71,178 bp IncFII blaCMY-2, erm(B) CP029974 
p51008369SK1_B 113,340 bp IncI1 aadA1, blaTEM-30, 
floR, sul1, sul2, 
dfrA1 
CP029975 
p51008369SK1_C 33,826 bp IncX4 none CP029976 
p51008369SK1_D 61,284 bp IncI2 none CP029977 
p51008369SK1_E 99,465 bp IncFII-IncFIA-
IncFIB 
aac(3)-IIa, 
aadA2, blaNDM-5, 
bleMBL, dfrA12, 
mph(A), sul1, 
tetA, tmrB 
CP029978 
aminoglycoside resistance genes: aac(3)-IIa, aadA1, aadA2; ß-lactam resistance genes: blaCMY-
2, blaNDM-5, blaTEM-30; bleomycin resistance gene: bleMBL; macrolide resistance genes: erm(B), 
mph(A); phenicol resistance gene: floR; sulfonamide and trimethoprim resistance genes: 
sul1, sul2, dfrA1, dfrA12; tetracycline resistance gene: tetA; tunicamycin resistance gene: 
tmrB. 
.  
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